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1050Objectives: Surgical management of tricuspid valve regurgitation mainly consists of tricuspid valve annulo-
plasty, usually performed with implantation of a rigid ring or a flexible band.
Methods:We performed a retrospective analysis on 820 patients who underwent tricuspid valve repair between
March 2002 and July 2009 with either a flexible Cosgrove-Edwards band (n¼ 415; Edwards Lifesciences LLC,
Irvine, Calif) or a rigid Carpentier-Edwards Classic annuloplasty ring (n ¼ 405; Edwards Lifesciences). Mean
patient age was 69.2  9.5 years, 54.1% were female, and average logistic EuroSCORE was 13.3%  12.5%.
Concomitant procedures were performed in 94.6% of patients (mitral valve surgery, 80.6%; aortic valve
surgery, 28.2%; coronary artery bypass grafting, 24.5%; atrial fibrillation ablation, 44.5%). One fifth of the
operations were reoperative procedures. Follow-up was 94% complete, with mean duration of 21.0  19.0
months.
Results: Thirty-day mortality was 10.1% (Cosgrove-Edwards, 11.9%; Carpentier-Edwards, 8.4%), and 5-year
survival was 62.4% (Carpentier-Edwards, 64.7%; Cosgrove-Edwards, 60.3%). Postoperative echocardiogra-
phy showed significant improvement in tricuspid valve function, with reduction in tricuspid regurgitation grade
from 2.3 0.7 to 0.7 0.7, and no differences between groups. Use of a Carpentier-Edwards ring, however, was
associated with significantly higher risk of dehiscence (Carpentier-Edwards, 8.7%; Cosgrove-Edwards, 0.9%;
P<.001), almost exclusively at the septal leaflet portion of the annulus. Multivariate analysis identified annu-
loplasty type as independently predicting ring dehiscence (odds ratio, 10.7; 95% confidence interval, 3.2–36.5;
P<.001). Patients with annuloplasty dehiscence had more residual tricuspid regurgitation on predischarge echo-
cardiography than did patients without dehiscence (1.4  0.63 vs 0.7  0.6; P<.001). Ten patients underwent
reoperation for recurrent tricuspid regurgitation, 4 with ring dehiscence. Five-year freedom from reoperation
was 95.3% (Cosgrove-Edwards, 97.7%; Carpentier-Edwards, 92.3%).
Conclusions: Although both rigid and flexible systems provide acceptable early tricuspid valve repair results,
use of a rigid ring increases risk of subsequent ring dehiscence. (J Thorac Cardiovasc Surg 2012;143:1050-5)Surgical treatment of tricuspid regurgitation (TR) caused by
annular dilatationmainly consists of tricuspid repair. Differ-
ent techniques of tricuspid repair have been described, the
main ones being the DeVega or Kay technique and ring
annuloplastywith a rigid ring or a flexible band.1-11 Asmany
as 20% of patients, however, have predischarge residual
moderate or severe TR after tricuspid repair.2,10,12 The
best long-term results after tricuspid repair have been
reported with the implantation of annuloplasty devices,
whereas the greatest recurrence of TR has been observed
after the DeVega or Kay technique.2,12,13e Department of Cardiac Surgery, University of Leipzig Heart Center,
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The Journal of Thoracic and Cardiovascular SurBecause of the 3-dimensional dynamic shape of the
tricuspid annulus,14-16 we have speculated that fixation of
the annulus to a rigid ring may result in greater forces on
the native annulus than would occur with a flexible band.
We therefore compared our experiences with tricuspid repair
with either a rigid planar ring (Carpentier-Edwards Classic
annuloplasty ring; Edwards Lifesciences LLC, Irvine, CA)
or a flexible band (Cosgrove-Edwards annuloplasty system;
Edwards Lifesciences).MATERIALS AND METHODS
Between March 2002 and July 2009, a total of 820 patients underwent
tricuspid valve (TV) repair with a flexible Cosgrove-Edwards annuloplasty
system or a rigid Carpentier-Edwards Classic tricuspid ring at our institu-
tion. Indications for TV surgery were symptomatic severe TR or else
asymptomatic moderate TR or marked tricuspid annular dilation (>4.0
cm) in the presence of other indications for cardiac surgery. Patients with
infective endocarditis or organic disease of the TV (rheumatic, Ebstein,
or carcinoid disease) were excluded from the study.
Preoperative, intraoperative, and postoperative parameters of all pa-
tients were prospectively entered into our patient data management system
and then retrospectively analyzed. In addition, further chart review and in-
formation from preoperative and predischarge echocardiographic reportsgery c May 2012
Abbreviations and Acronyms
TR ¼ tricuspid regurgitation
TV ¼ tricuspid valve
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Dwere gathered and analyzed. TR was calculated by measurement of vena
contracta in a 4-chamber view.17
TV repair was performed with standard techniques, including bicaval
cannulation and mild hypothermic cardiopulmonary bypass. All patients
received an annuloplasty with either a Cosgrove-Edwards (n ¼ 415) or
a Carpentier-Edwards (n ¼ 405) device, depending on the surgeon’s
choice. Ethics approval was granted by the local ethics committee for
this investigation.
Follow-up
Individual patient contact after discharge was performed by sending
questionnaires to all patients annually after the operation. Patients who
did not respond were contacted by telephone. If no further information
about the patients was available, the family physicians were contacted.
Follow-up was 94% complete, with a mean follow-up time of 21.0 
19.0 months (range, 1 day–7.7 years).
Statistical Evaluation
Results are displayed in standard format, with continuous variables ex-
pressed as mean SD and categoric data expressed as proportions. Cumu-
lative survivals were calculated by Kaplan-Meier methods, and differences
in follow-up were calculated with 95% confidence limits and compared by
log-rank (Mantel-Cox) test. All statistical analyses were performed with
the SPSS statistical package 15.0 (IBM Corporation, Armonk, NY).RESULTS
Table 1 shows the demographic data of all patients, as
well as those of the patients separated into the Cosgrove-
Edwards and Carpentier-Edwards groups. Average age
was 69.2  9.5 years for the entire patient cohort, and
more than half of patients were female. Average New
York Heart Association class was 3.1 0.8. Left ventricular
function was normal in most patients, but mean pulmonaryTABLE 1. Demographic data
All patients
(n ¼ 820)
Age (y) 69.2  9.5
Male (no.) 376 (45.9%)
Preoperative New York Heart
Association functional class
3.1  0.8
Logistic EuroSCORE (%) 13.3%  12.5%
Left ventricular ejection fraction (%) 57.4%  15.8%
Pulmonary arterial pressure (mm Hg) 46.6  11.0
Previous cardiac surgery (no.) 135 (21.8%)
Atrial fibrillation (no.) 500 (61%)
Hypertension (no.) 644 (78.5%)
Diabetes mellitus (no.) 252 (30.7%)
Permanent pacemaker (no.) 85 (13.7%)
Data are mean  SD unless marked as number of patients. Cosgrove-Edwards, Cosgrove-
Edwards Classic, Carpentier-Edwards Classic annuloplasty ring, Edwards Lifesciences.
The Journal of Thoracic and Cararterial pressures were elevated. More than half of the pa-
tients had atrial fibrillation, and most had hypertension.
The only significant difference between the 2 surgical
groups was the increased incidence of transvalvular perma-
nent pacemaker leads in the Cosgrove-Edwards group.
Figure 1 shows a graphic illustration of the different
operations in which TV repair was performed. Isolated
TV repair was performed in about 10% of the cases.
Most TV repairs were performed in conjunction with mitral
valve repair or replacement. Concomitant ablation proce-
dures were performed in almost half of the cases. Figure 1
also illustrates that the chosen annuloplasty type was not
associated with the complexity of the procedure.
Table 2 shows perioperative characteristics. Operative
time averaged 4 hours in all cases, with crossclamp time av-
eraging 90 minutes and cardiopulmonary bypass time aver-
aging 150 minutes. One fifth of patients required urgent or
emergency surgery. Minimally invasive surgery through
a right lateral minithoracotomy with femoral cannulation
for cardiopulmonary bypass was used in 276 patients
(33.7%), with the remaining 544 patients (66.3%) undergo-
ing median sternotomy.
Figure 2 shows the severity of TR before (A) and after (B)
TV repair. Most of the patients had moderate or severe TR
preoperatively; however, 17% had mild or even no TR at
the time of surgery. In these cases, the indication for TV re-
pair was dilatation of the native tricuspid annulus. Postoper-
ative TR was graded as none or trace in 47% of the total
patient group, mild in 45%, moderate in 7%, and severe
in 1%.
Figure 3 shows the selected sizes for the Cosgrove-
Edwards and Carpentier-Edwards groups as labeled by the
manufacturer. There were no differences in the selected
sizes between groups, with most patients receiving size 30
or 32 mm.
In each group, 8 patients (Cosgrove-Edwards, 1.9%;
Carpentier-Edwards, 2.0%; P ¼ .8) had a postoperativeCosgrove-Edwards
(n ¼ 415)
Carpentier-Edwards
Classic (n ¼ 405) P value
68.5  10.2 69.8  8.8 .06
188 (45.3%) 188 (46.4%) .78
3.0  0.7 3.2  0.8 .01
12.9%  12.3% 13.7%  12.8% .32
58.3%  15.7% 56.3%  15.8% .14
47.7  15.9 47.3  14.8 .72
92 (22.2%) 87 (21.5%) .43
263 (63.4%) 237 (58.5%) .11
329 (79.3%) 315 (77.8%) .69
106 (25.5%) 146 (36.0%) .003
71 (17.0%) 43 (10.4%) <.01
Edwards annuloplasty system, Edwards Lifesciences LLC, Irvine, Calif; Carpentier-
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FIGURE 1. Surgical procedures performed. TVR, Tricuspid valve repair;MVR,mitral valve reconstruction or replacement; CABG, coronary artery bypass
grafting; AVR, aortic valve reconstruction or replacement. Asterisk indicates that an atrial fibrillation procedure is a concomitant procedure that is done in
addition to the remaining procedures.
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Carpentier-Edwards, 9.6%; P ¼ .7) had postoperative low
cardiac output syndrome, and 16 patients (Cosgrove-Ed-
wards, 3.9%; Carpentier-Edwards, 4.0%; P ¼ .9) in each
group underwent reoperation because of postoperative
bleeding. Overall 30-day mortalities were 11.9% in the
Cosgrove-Edwards group and 8.4% in the Carpentier-
Edwards (P ¼ .07).
Figure 4 shows the incidences of early postoperative ring
dehiscence, as identified during the predischarge echocardi-
ography. Patients who received a rigid ring had a 9-fold
greater incidence of ring dehiscence than did patients who
received a flexible band (Carpentier-Edwards, 8.7%;
Cosgrove-Edwards, 0.9%; P < .001). These ring dehis-
cences were exclusively located at the septal portion of
the ring or band.
Table 3 shows the reasons for early severe residual TR af-
ter TV repair. In most cases, the regurgitation was central,
whereas some cases were associated with transvalvular
pacemaker leads. Logistic regression analysis revealed
TV ring type to be the only significant risk factor forTABLE 2. Perioperative patient characteristics
All patients
(n ¼ 820)
Operative time (min) 233.6  70.2
Crossclamp time (min) 87.9  38.7
Cardiopulmonary bypass time (min) 156.0  109.4
Preoperative tricuspid regurgitation grade 2.3  0.6
Postoperative tricuspid regurgitation grade 0.7  0.6
Data are mean  standard deviation. Cosgrove-Edwards, Cosgrove-Edwards annuloplas
Carpentier-Edwards Classic annuloplasty ring, Edwards Lifesciences.
1052 The Journal of Thoracic and Cardiovascular Surdehiscence (odds ratio, 10.7; 95% confidence interval,
3.2–36.5; P< .001). As can be seen when examining the
data in Table 3 and Figure 4, not all patients with ring dehis-
cence had severe TR. Ring dehiscence was the cause of se-
vere TR in only 8 patients, and all such cases were found in
the rigid ring group.
Figure 5 shows the freedom from TV reoperation during
follow-up. After 5 years, the TV reoperation rates in both
groups were less than 10%. A total of 10 patients were
reoperated on between 3 days and 4 years postoperatively
because of recurrent severe TR (Cosgrove-Edwards, 3 pa-
tients; Carpentier-Edwards, 7 patients). For the 3 patients
of the Cosgrove-Edwards group who required reoperation
during follow-up, the causes were central insufficiency, re-
strictive leaflet motion, and tricuspid stenosis from annular
pannus formation in 1 case each. For the 7 patients of the
Carpentier-Edwards group requiring reoperation, the
causes were ring dehiscence in 4 patients, central insuffi-
ciency in 2 patients, and restrictive leaflet motion in 1
patient. Among the 10 patients requiring repeated TV
surgery, only 5 patients (Carpentier-Edwards, 3 patients;Cosgrove-Edwards
(n ¼ 415)
Carpentier-Edwards
Classic (n ¼ 405) P value
228.0  66.7 239.5  73.2 .019
87.1  34.8 88.6  42.3 .58
154.6  143.5 157.4  56.1 .71
2.2  0.6 2.3  0.6 .06
0.7  0.6 0.7  0.7 .14
ty system, Edwards Lifesciences LLC, Irvine, Calif; Carpentier-Edwards Classic,
gery c May 2012
FIGURE 2. A, Preoperative grade of tricuspid regurgitation (TR).
B, Immediate postoperative grade of tricuspid regurgitation.
FIGURE 3. Manufacturer labeled size of implanted ring or band.
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because of the TV, whereas the remaining patients had
mitral valve insufficiency as the primary indication for
surgery.
Figure 6 shows long-term survivals in both patient
groups. Survival was lower in the Carpentier-Edwards
group (Cosgrove-Edwards 5-year survival, 64.7% 
4.4%; Carpentier-Edwards 5-year survival, 60.3% 
4.6%; log-rank P ¼ .053).FIGURE 4. Frequency of ring or band dehiscence expressed as percent-
age of implanted rings or bands.DISCUSSION
We have shown in this study that although both rigid and
flexible system provide acceptable results for TV repair, the
use of a rigid ring significantly increases the risk of early
annular dehiscence. To the best of our knowledge, the
difference in incidence of ring dehiscence between these
annuloplasty systems has not been described before and
therefore requires further discussion.
Other investigators have compared the results of annulo-
plasty performed with rings or bands. McCarthy andThe Journal of Thoracic and Carcolleagues,2 for example, found residual TR (3þ or 4þ) in
14% of patients early after TV repair. They did not, how-
ever, provide information on the causes of postrepair regur-
gitation. In our patient population, severe postoperative TR
was rare, and annular ring dehiscence was the cause of TR
in only a third of these patients. We can thus conclude that
the occurrence of ring dehiscence in the early postoperative
phase is not always associated with the occurrence of severe
TR.
Irrespective of the early consequences of ring dehiscence,
it is important to investigate the underlying mechanism. We
discovered that ring dehiscence only occurred in the region
of the septal annulus, as determined by echocardiography or
recorded in the reoperative surgical notes. One contributing
factor may be the experience of the surgeon; that is, the sur-
geon with less experience may shy away from taking deeper
bites at the septal annulus close to the atrioventricular node
for fear of atrioventricular block. If ‘‘shallow stitching’’diovascular Surgery c Volume 143, Number 5 1053
TABLE 3. Reasons for postoperative tricuspid regurgitation greater
than 2þon predischarge echocardiography
Cosgrove-Edwards
(n ¼ 15)
Carpentier-Edwards
Classic (n ¼ 26)
Central tricuspid
regurgitation
10 (66.7%) 14 (53.8%)
Pacemaker 5 (33.3%) 4 (15.4%)
Ring dehiscence 0 6 (23.1%)
Ring dehiscence plus
pacemaker
0 2 (7.7%)
Data represent numbers and percentages of patients. Cosgrove-Edwards, Cosgrove-
Edwards annuloplasty system, Edwards Lifesciences LLC, Irvine, Calif; Carpentier-
EdwardsClassic,Carpentier-EdwardsClassic annuloplasty ring, Edwards Lifesciences.
FIGURE 6. Postoperative freedoms from tricuspid-related reoperation.
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annuloplasty systems should have torn out at the same rate.
Another possible explanation is that increased shearing
forces are being experienced at the septal portion of the an-
nulus, and that these shearing forces would be even higher
when a rigid ring is used. This line of argument finds sup-
port in the studies addressing the dynamics of the native
tricuspid annulus.14-16 There are significant changes in the
tricuspid annular dimensions from systole to diastole,
with a 19% change of annular circumference and a 30%
change in the annular area.15 In addition, Ton-Nu and co-
workers16 demonstrated that tricuspid dilatation occurs
mainly in the free wall of the tricuspid annulus at the middle
part of the anterior leaflet and extending to the septal fixa-
tion point of ring annuloplasty devices. Thus the area in
which we found all ring dehiscences occurring correspondsFIGURE 5. Postoperative survivals.
1054 The Journal of Thoracic and Cardiovascular Surto the end of the annular section that is most prone to dila-
tation. Taking these changes together with systolic–dia-
stolic dynamics of tricuspid annular motion and the
rigidity of the annuloplasty device, we conclude that greater
forces may exist on the sutures attached to a rigid ring than
on those attached to a flexible band, which may follow the
natural motion of the tricuspid annulus more easily.
Our results appear to suggest that flexible bands are pref-
erable to rigid rings. Others, however, have demonstrated
better long-term durability of annuloplasty with rigid
rings,2,12,13 and we did not assess the incidence of ring
dehiscence in other rigid rings, including 3-dimensional an-
nuloplasty systems. Finally, we were unable to obtain echo-
cardiographic follow-up for our patients, and the use of
freedom of reoperation and survival as end points may un-
derestimate the frequency of recurrent severe TR.
We conclude that TV annuloplasty with a rigid ring
increases the risk of early ring dehiscence. Both rigid and
flexible systems, however, provide acceptable results in
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